Different keratin polypeptides in epidermis and other epithelia of human skin: a specific cytokeratin of molecular weight 46,000 in epithelia of the pilosebaceous tract and basal cell epitheliomas by unknown
Different  Keratin  Polypeptides in  Epidermis and other 
Epithelia  of Human  Skin" A Specific  Cytokeratin of Molecular 
Weight 46,000 in  Epithelia of the Pilosebaceous Tract and 
Basal Cell Epitheliomas 
ROLAND  MOLL, WERNER W.  FRANKE, BEATRIX VOLC-PLATZER,  and 
REINHARD  KREPLER 
Division  of Membrane  Biology and Biochemistry, Institute of Cell and Tumor Biology, German Cancer 
Research Center, D-6900 Heidelberg, Federal Republic of Germany; Department  of Dermatology  (1. 
Universita'ts-Hautklinik),  University of Vienna School of Medicine,  A-1090 Vienna, Austria; and the 
Department  of Pathology, University of Vienna School of Medicine,  A-1090 Vienna, Austria 
ABSTRACT  Cytokeratin  polypeptides of  human  epidermis,  of  epithelia  microdissected  from 
various zones of the pilosebaceous  tract  (outer root-sheath of hair follicle,  sebaceous gland), 
and  of eccrine  sweat-glands  have  been  separated  by one-  and  two-dimensional  gel  electro- 
phoresis and characterized  by binding of cytokeratin antibodies and by peptide mapping. The 
epithelium  of the pilosebaceous  tract has three major  keratin  polypeptides in common  with 
interfollicular epidermis  (two basic components of mol  wts 58,000 and 56,000 and one acidic 
polypeptide of mol wt 50,000); however, it lacks basic keratin polypeptides in the mol wt range 
of 64,000-68,000 and two acidic keratin-polypeptides of mol wts 56,000 and 56,500 and contains 
an additional characteristic acidic cytokeratin of tool wt 46,000. Another cytokeratin polypeptide 
of  mol  wt 48,000 that  is prominent  in  hair-follicle  epithelium  is also  found  in  nonfollicular 
epidermis of foot sole. Both epidermis and pilosebaceous  tract are different from eccrine sweat- 
gland  epithelium,  which also contains two  major  cytokeratins of  mol  wts 52,500 and  54,000 
(isoelectric at pH 5.8-6.1)  and a more  acidic cytokeratin of mol  wt 40,000. A striking similarity 
between  the cytokeratins of  human  basal-cell  epitheliomas  and  those  of  the  pilosebaceous 
tract has been found: all three major cytokeratins (mol  wts 58,000; 50,000; 46,000) of the tumor 
cells are also expressed in hair-follicle  epithelium. The cytokeratin of tool wt 46,000, which is 
the most prominent acidic cytokeratin in this tumor, is related,  by immunological  and peptide 
map criteria, to the acidic keratin-polypeptides of mol wts 48,000 and 50,000, but represents a 
distinct keratin that is also found in other human tumor cells such as in solid adamantinomas 
and in cultured  HeLa cells. 
The results show that the various epithelia present in skin,  albeit in physical  and ontogenic 
continuity, can be distinguished by their specific cytokeratin-polypeptide patterns and that the 
cytoskeleton of basal-cell  epitheliomas is related  to that of cells of the pilosebaceous  tract. 
The  cytoskeleton  of epithelial  cells  is  characterized  by  the 
presence,  frequently  abundance,  of intermediate-sized  fila- 
ments (tonofilaments) containing a-keratinlike proteins (10-25, 
41,  50,  53-57).  Comparisons  of tonofilament  proteins from 
different  epithelial cells and tissues  have shown that,  unlike 
many  other  cytoskeletal proteins,  these  keratinlike  proteins 
("cytokeratins"; 20) are not identical in diverse epithelia, but 
show differences  of polypeptide composition.  Different pat- 
terns of keratin polypeptides have been reported for epidermal 
tissue from different regions of the body surface (1-3, 7, 13, 25, 
37,  51).  Different keratin  patterns have  also  been  found  in 
different layers of epidermis (1-3, 24, 25; for review see 30) as 
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and in simple epithelia such as hepatocytes, intestinal cells, and 
early embryonal epithelia (5,  11,  13, 21,  32).  Differences of 
cytokeratin polypeptide composition have also been found in 
various cultured cells, including keratinocytes (12-14,  17,  18, 
23-26, 30, 54, 55). The data available suggest that cytokeratins 
are characteristic of epithelial cells but are expressed in differ- 
ent epithelia in tissue- or cell-type specific patterns of different 
polypeptides of the keratin family of proteins (13,  17, 22, 64). 
Analyses of the epidermal keratinllke proteins have so far 
focused on the vertical aspects of epidermal differentiation, i.e. 
cells derived from the stratum basale of interfollicular regions 
(e.g.  1-3, 24,  25, 30). We have examined the cytokeratins of 
epithelial ceils that are in continuity with, and are ontogenically 
derived from, epidermal basal cells but have developed into 
functionally and structurally different domains. These include 
the upper and lower portions of the outer root sheath epithe- 
lium of hair foUicle, the secretory and the ductal portions of 
the sebaceous gland, and the secretory and the ductal portions 
of the eccrine sweat gland. We show that in the skin function- 
ally defined epithelial mosaics exist that are characterized by 
different patterns of cytoskeletal polypeptides. 
MATERIALS AND  METHODS 
Tissues and Cells 
Specimens of normal human skin were obtained in one of the following ways: 
(a) Total skin was obtained during surgicai removal of basal-cell epitheliomas  or 
melanomas located on scalp, arms, face, and breast. The skin samples used were 
taken in a distance  of at least 3 cm from the edge of the tumors, immediately 
frozen in isopentane cooled  in a liquid nitrogen bath, and histologicafly  docu- 
mented. (b) Noamami!lar-breast epidermis obtained during surgery was prepared 
by taking thin slices parallel  to the surface using a cryocot knife as described 
(13). (c) Slices of thigh skin and foot-sole  skin were taken from human corpses 
a few hours  post mortem and were frozen. 
For preparation of epidermis,  pieces of skin obtained as described  under (a) 
were immersed in ice-cold phosphate-buffered saline (PBS, pH 7.4) and dissected 
under a binocular using free forceps and scissors. Using this method, contami- 
nation of epidermal samples with some remnants of small hair-follicles could not 
be completely  avoided.  This was also true when epidermis was separated from 
dermis along the basal lamina using EDTA buffer (47). Alternatively,  epidermal 
samples were obtained as slices using a cryocut knife (see b  above) and then 
histologieally appeared free from skin appendages, contaminated only with very 
little connective  tissue adhering to the epidermis. 
Outer root sheaths of  anagan human-hair follicles were prepared from plucked 
scalp and beard hairs. After cutting off the hair bulb, tissue consisting mainly of 
outer root-sheath could easily  be stripped off from the hair shaft using free 
forceps. The outer root-sheath ceils were lysed and extracted  in buffer A (1.5 M 
KC1, 0.5% Triton X-100, 5 mM EDTA, 0.4 mM phenyhnethylsulfonyl fluoride 
[PMSF],  10 mM Tris-HC1, pH 7.2) for 20 rain at 0°-4°C, centrifuged  (I mia at 
8,000 g) and washed once in buffer B (5 mM EDTA, 0.4 mM PMSF,  10 mM 
Trls-HC1, pH 7.2). Usually, the material from 2-3 hair follicles was sufficient for 
a two-dimansionai gel electrophoretic  analysis. 
Specimens  of basal-cell  epitheliomas  from eight different patients were ob- 
tained  by surgical  removement of tumors located  on scalp,  face  (juxtaocular, 
lower palpebra and nose), neck, nape, back, and mala breast and were immedi- 
ately  frozen in isopentane as described.  All basal-cen  epitheliomas showed, in 
histological sections, a primarily solid appearance, some of them also displaying 
groups of keratotic  cells or regions of cystic degeneration.  Tumor nodules were 
dissected under a binocular from epidermis and connective  tissue. Samples from 
recurrent adamantinoma of the upper jaw were obtained by surgery and imme- 
diately  frozen.  Desmosome-attached tonofdamants from bovine muzzle  were 
prepared as described  (7, 13, 21). HeLa cells were grown in culture as described 
(lS, 19). 
Preparation  of Cytoskeletal Residues, Dissection 
of Tissue from Cryostat Sections, and 
Preparation  of Cytoskeletal Material Thereof 
Cytoskaletal  fractions  were prepared from purified tissues as described  (13). 
All buffers (0--4°C) were applied in excess volume (20-50 ml/g wet weight). 
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Microscopically  defmed tissue regions were prepared from cryostat sections 
(-20/tm thick),  after transfer to microscope slides and air~lrymg using a hair 
drier, by one of the following ways: 
(a) For preparations of total inteffollicular  epidermis,  20-/~m  sections were cut 
from frozen specimens of normal skin. After applying a drop of buffer A to the 
section, epidermis was manually separated from dermis under a stereo-binocular 
(x  50) by gentle  plucking the epidermis and peeling  it off with free needles. 
Special care was taken to remove all hair follicles that were tightly connected to 
the epidermis.  Epidermis thus obtained contained  well preserved bnsni-cell layer. 
The epidermal  strips were transferred to centrifuge  tubes,  extracted  in 1 ml of 
buffer A for 20 rain at 0°-4°C, centrifuged  for I min at 8,000 g, washed with 
buffer B, and pelleted  again. 
(b) For preq~.rations of living foot-sole epidermis,  foot-sole skin was vertically 
cut into 20-pro sections that were incubated with buffer A. Under the binocular 
(xS0) the epidermal layers could easily  be distinguished:  stratum corneum ap- 
peared opalescent,  living epidermis was white.  In the sections, riving epidermal 
layers were separated from s. corneum and dermis with fine needles,  following 
carefully the undulating profile of this type of epidermis. 
(c)  Skin  appendages were prepared by microdissection  from 20-/an  frozen 
sections of normal skin (Fig.  l) and extracted as described  (42). Hair shafts were 
removed with  a  needle  and  discarded  so that  preparations of hair  follicles 
consisted  mainly  of outer root  sheath epithelium.  Sweat-gland  preparations 
contained  acini  as well as ducts,  besides  some connective  tissue stroma. Pure 
eccrine  sweat-gland  ducts were prepared in the same way from foot-sole  skin 
since in this tissue many sweat gland ducts are arranged perpendicularly to the 
epidermis.  Routinely,  for two-dimensional gel electropboresis  combined with 
sliver staining, we applied the equivalents of 15 sections through hair follicles, 30 
sections of sebaceous glands, and 30 sections through eccrine sweat glands (for 
sizes see Fig.  1). 
(d)  For preparations enriched  in  basal cells  of epidermis  12-~m cryostat 
sections  of face  skin were used.  Regions of basal portions of inteffollicular 
epidermis were dissected  using a  UV laser-beam dissection  microscope  (Fa. 
Biotechnik,  Munich, Federal Republic of Germany; × 100) in such a way that 
only one or two cell layers of  lower s. sp/nosum were included (Fig. I g). Thereafter 
the apical portion of dissected epidermis,  including  most of the s. spinosum, was 
scratched apart, using free needles. Then a drop of  cold buffer A was applied and 
the basal-cell  layer-enriched  tissue strips were transferred to a centrifuge  tube 
and extracted  as described  (42). 
(e) Using similar techniques as described  under (c), central  portions of tumor 
nodules of basal cell epitheliomas  were excised in order to separate the cytoker- 
atin-positive  tumor cells  from associated,  vimantin-positive  connective  tissue 
stroma (Fig. 2; for specific occurrence  of cytokeratin in basal cell epithellomas 
see refs. 27, 48). 
Antibodies 
The following guinea pig-antibody preparations against intermediate fdament 
proteins were used: (a) antibodies against desmosome-attached to~ofilaments  of 
bovine-muzale  epidermis,  reco~nlzing epidermal as well as many nonepidermal 
cytokeratins  (11, 13, 15, 21); (b) antibodies  against total bovine-muzzla prekeratin 
polypeptides  excised and einted from preparative polyacrylamide  gels and ace- 
tone-precipitated  (13,  15); (c) antibodies raised  against the eleetrophoretieally 
purified  bovine-muzzle  prekeratin component I (tool wt 68,00~, 15; cf. reference 
20) which cross-reactswith several other "basic cytokeratins",  i.e. those focusing 
between pH 6.3 and 8.5 (13, 17); (d) antibodies raised against the electrophoret- 
ieally purified  bovine-muzzle  prekeratin component VII which react with both 
components VII and VI (13); (e) antibodies  to routine vimentin reacting also with 
human vimentin (16, 18, 19). 
Immunofluorescence Microscopy 
Indirect  immunofluorescence microscopy using 4-p.m thick,  acetone-fixed 
cryostat  sections  was performed as described  (15). Antibody stainln$  was also 
used to distinguish tomor-stroma ceils, identified  by their reaction with vimentin 
antibodies,  from epithelioma ceils (Fig. 2). 
Gel Eiectrophoresis 
Sodium dodecyl sulfate (SDS) ~olyacrylamide  gel electrophoresls  (PAGE) 
using ~.5% slab.gels wns ]xn'formed according  to Laernmli (35). For two-dimen- 
sional gel electrophoresis,  neutral  to  acidic  polypeptides were  separated  by 
isoelectric focusing (IEF; 44) whereas basic polypeptides  could also be resolved 
when noneqnilibrium pH gradient electrophoresis  (NEPHG; 45)  was applied 
(ampholine range of pH 2-11, lysis buffer containing 0.25% SDS). Experiments 
using lysls buffer without SDS did not show different results. Separation in the 
second dimension was performed using 12% polyacrylamide  gels (35) with two 
modifications  (60) implying a modified electrode buffer and an acrylamide:  N,N'- FIGURE  I  Dissection of epidermis and separation of skin appendages from epidermis and dermis using frozen sections (methylene 
blue-stained in this case).  (a) Survey micrograph of face skin showing epidermis (E), dermis (D) and a pilosebaceous unit consisting 
of hair follicle ( HFu, upper portion;  HF~, lower portion) and sebaceous gland (5C). The regions to be isolated (sebaceous gland and 
the upper portion of the hair follicle) are circumscribed and separated from surrounding tissue with a needle (42). After addition 
of  a  drop  of  buffer  A,  the  structures  are  lifted  with  a  needle  and  transferred,  in  this  case  to  another  microscope  slide  for 
demonstration (b and  c). Only small residues of adjacent connective tissue (b and  c)  remain attached to the dissected epithelial 
tissues.  (d and  e) Dissection of a lower portion of hair follicle (below orifice of sebaceous gland duct). (f)  Dissection of an eccrine 
sweat gland  (ESG)  containing  secretory tubules  as well  as ducts.  Separation gaps of  the  microdissection  line are denoted  by 
asterisks.  (g)  Phase-contrast micrograph showing UV laser-beam dissection, in a 12-#m thick section of face skin  (arrows denote 
dissection line), of basal cell-enriched layer of interfollicular epidermis. Bracket demarcates epidermis.  D, dermis. Bars, 100/~m. 
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massie BriUiant  Blue or, for detection  of very smaU  amounts of protein, by silver 
staining (58) modified as described (4; gels used for silver staining were made 
0.75-1.O-ram thick instead of 1.5 ram). 
Immunological Identification of Polypeptides 
Polypeptides  separated by SDS PAGE were characterized  immunologicaUy 
after blotting onto nitrocellulose  paper (61; modified as described in reference 
13). In most experiments,  polypeptides  were transferred  electrophoretically  in a 
buffer containing 192 mM glycine,  25 mM Tris-HC1  (pH 8.3), and 20% (vol/vol) 
methanoL Immunoglobulius bound were detected by binding of l~sI-labcled 
protein A from Staphylococcus  aureus (New England Nuclear, Boston, MA), 
Two-dimensional Tryptic Peptide Mapping of 
Radioiodinated Proteins 
We used the procedure of Elder et aL (8), employing trypsin digestion of 
radioiodinated  proteins of excised  spots of Coomassie  Blue-stained  polypeptides 
separated by two-dimeusioaal  gel electrophoresis.  The proteins were digested 
using 50 #g trypsin (Trypsin-TPCK;  217 U/mg, Mill/pore  Corp., Bedford, MA) 
per gel piece, and peptides were lyophilized,  analyzed by thin-layer electropho- 
resis and chromatography  on cellulose-coated  plates and detected  by autoradiog- 
raphy. 
FiGURe 2  Indirect immunofluorescence microscopy on frozen sec- 
tions of human basal-cell epithelioma. (a) Survey micrograph show- 
ing  part  of  a  basal-cell  epithelioma  (T,  tumor)  of  the  face  and 
overlying atrophic epidermis  (E),  separated  by a  layer of  dermal 
connective tissue (D). Antibodies to bovine-muzzle prekeratin com- 
ponents VI  and VII stain  tumor cells and epidermal cells,  but  not 
connective tissue. (b) Higher magnification, showing tumor cells (7) 
stained by antibodies to bovine prekeratin, whereas tumor stroma 
(5") is unstained. (c) Antibodies to vimentin stain mesenchymal cells 
of stroma (5") and individual fibroblasts occurring within the tumor 
(T), but not tumor cells. BV, blood vessel.  Bars, 40/.tm. 
RESULTS 
Cytoskeletal Proteins of Normal Epidermis and 
Basal-Cell Epitheliomas 
Cytoskeletal residues from epidermal tissues obtained after 
extraction in high-  and low-salt buffer and Triton  X-100  are 
enriched in intermediate-sized fdaments of the keratin type. In 
several  vertebrates,  such  epidermal  tonofdaments  display 
rather complex patterns of keratin polypeptides. For example, 
in tonofdaments  from s.  spinosum-rich epidermal tissue from 
bovine muzzle  six polypeptide bands are resolved on  normal 
SDS-polyacrylamide gel electrophoresis (7, 37, 51), and at least 
eight major keratin-polypeptide species can  be  distinguished 
by higher-resohition gel electrophoresis in one or two dimen- 
sions (11,  13,  15).  A  similarly great complexity of prekeratin 
composition is found in total human-epidermis  from various 
locations (Fig. 3, slot 2, and Fig. 4 a-d), which is essentially in 
agreement with findings of Fuchs and Green (25; for patterns 
of human-epidermal keratin polypeptides see also refs. l, 3, 40, 
49). The keratin nature has been shown for all these polypep- 
tides by their inclusion in intermediate-sized filaments in vitro 
from proteins solubilized in urea (data not shown; cf. references 
36, 46, 50, 52,  55, 59), by peptide maps (see below and refer- 
ences  23-25,  40)  and  by  their binding  of various  antibodies 
specific for cytokeratins (Fig. 3, slot 2'). 
The polypeptide complexity of human-epidermal keratins is 
often greater than suggested from one-dimensional gel electro- 
phoresis of the Laemmli type. SDS  PAGE using some modi- 
fications  (60)  and  two-dimensional  gel  electrophoresis  can 
resolve more components (Fig. 4a-d). Human epidermis con- 
tains  both  slightly basic and  acidic cytokeratin  polypeptides 
(13)  that  can  be  separated  and  identified on nonequilibrium 
pH  gradient electrophoresis (Fig. 4a).  The  following compo- 
nents are usually observed in weakly cornified human-epider- 
mis (Fig. 4a, b): (a) a  major component of tool wt 68,000 that 
is resolved into several (up to 4) isoelectric variants focusing 
between  pH  7.0  and  7.8  (designated  "K  68");  (b)  a  minor 
component  of tool wt  65,500  focusing  at  about  pH  7.8  ("K 
65.5"); (c) a  major component of mol wt 58,000 ("K 58") also 
displaying 3-4 isoelectric variant spots in the  pH range  from 
6.8 to 7.4; (d) a  prominent acidic component of tool wt 56,500 
("K 56.5") resolved into two major variants (pH 5.20-5.40); (e) 
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56,000;  "K 56a"); and (f) a major acidic component of tool wt 
50,000 ("K 50"; at least two isoelectric variants).  In addition, 
we have  found in some epidermal  samples  (Fig. 4b,  insert), 
but not in others, variable amounts of two relatively small and 
acidic cytoskeletal polypeptides  of mol wts  48,000  ("K  48") 
and  46,000  ("K  46")  which  appear  to  be  more  frequent  in 
preparations  from  skin  containing  a  certain  density  of hair 
follicles.  Although some keratin K 48 and K 46 has been noted, 
in variable amounts, in dissected epidermal samples containing 
some dermal  material,  including parts  of hair follicles,  they 
have not been seen in epidermal  slices  made with a  cryocut 
knife. Also, interfollicular epidermis microdissected from fro- 
zen sections does not contain these two polypeptides (Fig. 4 a). 
As the only exception, the acidic polypeptide K 48 is found in 
epidermis from foot soles, including microdissected living lay- 
ers (Fig. 4 c, d), and appears to correspond to the polypeptide 
band  of foot-sole epidermis  designated  "mol wt  46,000"  by 
Fuchs and Green (25; cf. reference 3). Because we have found 
polypeptide K  48 in different samples from foot soles but not 
in  interfollicular  epidermis  from  a  broad  range  of different 
body  locations,  we  conclude  that  it  is  expressed  in  living 
epidermal cells of a certain type, e.g. from foot sole,  but not in 
epidermal cells from many other regions of skin. 
Human  basal-cell  epitheliomas  differ  in  their  cytokeratin 
pattern from epidermis, most characteristically by the absence 
of the two relatively large and basic polypeptides of mol wts 
68,000 and 65,500 and the presence of  an additional component 
of an apparent tool wt 46,000 (K 46; Fig. 3, slot 3; Fig. 4e and 
f). A similar pattern of prekeratin-polypeptide bands in basal 
cell  epitheliomas  has  been  reported  by  Kubilus  et  al.  (34). 
Keratin polypeptide K 48 has not been detected in cytoskeletal 
preparations  from seven out of eight different basal-ceU epi- 
theliomas (Fig. 4e and  f; in one preparation, trace amounts of 
K  48 have been found).  By contrast,  keratin  K  46,  which is 
more acidic than actin and keratin K  50 and usually appears 
FIGURE  3  SDS PAGE of cytoskeletal proteins visualized by Coomassie-Blue staining (slots  1-4) or silver staining (slots  5-11), and 
autoradiographs showing immunological reactions, after blotting onto nitrocellulose paper, with antibodies to bovine prekeratins 
(slots 2', 3', 4', 4"). Slot  1, reference proteins (from top to bottom:/~-galactosidase, phosphorylase a, BSA, glutamate dehydrogenase, 
actin). Slot 2, human epidermis showing human keratin-polypeptides K 68 (1  st dot from top), K 65.5  (2  "d dot), K 58 (1  ~t bar), K 56.5 
(3  r~ dot), K 56a (4  th dot), K 50 (2  "d bar). Slot 2', reaction of human epidermal-keratins with antibodies raised against total prekeratins 
of bovine-muzzle epidermis. Slot 3, basal-cell epithelioma revealing keratins K 58 (1  st bar from top), K 56b (1  st arrowhead), K 52.5 
(2  "d arrowhead), K 50 (2  nd bar),  K 46 (3  rd arrowhead). Slot 3', reaction of large basal-cell epithelioma keratins with  antibodies to 
bovine prekeratin I (the smaller keratin-polypeptides have reacted with antibodies to total prekeratins and to prekeratins VI and 
VII  of bovine-muzzle epidermis  (not shown); compare also slot  4").  Slot  4, outer root sheath of human-hair follicle containing 
keratins K 58 (upper bar), K 56b (upper arrowhead), K 50/K 48 (lower bar; this band is resolved into two bands K 50 and K 48 when 
the gel system described in reference 60 is used; cf.  Fig. 4), K 46 (lower arrowhead). A, residual actin. Polypeptides K 58 and K 56b 
are identified as keratins by reaction with antibodies to the bovine prekeratin I (slot 4'), whereas polypeptides K 50/K 48 and K 46 
react with  antibodies to total bovine-muzzle prekeratins (slot  4").  Slot  5,  basal cell-enriched epidermal layer obtained by laser- 
beam dissection (cf.  Fig. 1 g). Protein of 12-#m thick tissue strips accoring to a total strip length of ~10 mm has been applied. Note 
that,  in comparison  to total epidermis  (slot  2),  the  relative amount of  K 68  (upper dot)  is  reduced,  suggesting  its  presence in 
contaminating spinous layer cells (25).  K 46, which  is a main component of basal-cell epitheliomas (slot  6, lower arrowhead; same 
gel as slot  5)  is not detected in basal-cell layer enriched material. Slots  7-11,  major cytokeratin polypeptides of skin appendages 
microdissected from cryostat sections (denoted by bars and arrowheads). Slot  7, sebaceous glands; slot  8, hair follicles (including 
some upper portions); slot  9, total eccrine sweat-glands (characteristic polypeptides are K 52.5,  upper arrowhead, and K 40,  lower 
arrowhead, the other keratin polypeptides are not designated); slot  10, basal-cell epithelioma material free from tumor stroma; slot 
11 (separate gel), eccrine sweat-gland ducts.  A, residual actin. 
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most  prominent  acidic  keratin  of this  tumor;  it  has  been 
identified as a member of the cytokeratin family of proteins by 
immunoblotting  experiments and  peptide  maps (see  below). 
The prominent  acidic component  K  50 of basal-cell epithe- 
lioma comigrates with epidermal K 50 (Fig. 4fi inset). A minor 
cytoskeletal component of tool wt 52,500 and almost isoelectric 
with BSA (Fig. 4f) has been shown, by coeleetrophoresis and 
peptide  map  (not  shown)  to  be  identical  to  cytokeratin  A 
originally detected in hepatocytes and intestinal cells of rodents 
and man (5,  11,  13, 21). 
The main basic cytokeratin of the epitheliomas comigrates 
with epidermal keratin K  58, showing also the same distribu- 
tion of isoelectric variants as in epidermis (not shown). These 
tumor cells also contain a minor component slightly more basic 
than  K  58  of normal  epidermis,  which  has  a  tool  wt  of 
approximately 56,000  and  seems to correspond to keratin K 
56b observed in some preparations of epidermis (e.g. Fig. 4 c). 
Cytoskeletal  Proteins  of Epithelial  Cells  of the 
Pilosebaceous  Tract 
The finding of cytokeratin K  46 in basal-cell epitheliomas 
and in certain follicle-containing preparations of epidermis has 
pointed out the possibility that this cytokeratin polypeptide is 
a constituent of normal skin but is restricted to follicle epithe- 
lium.  We have therefore  examined in  detail  the  outer root- 
sheath  epithelium  of hair  follicles  and  have  compared  its 
cytoskeletal proteins  with  those  of sebaceous  glands  and  of 
interfoUicular epidermis. The cytokeratin pattern of hair-folli- 
cle epithelium  (Fig.  3,  slots 4,  4' and  4";  Fig.  4g and  h)  is 
different from that of normal interfollicular epidermis of ad- 
jacent body-skin but is strikingly reminiscent of the cytokera- 
tin-polypeptide pattern of basal-cell epitheliomas. Outer root- 
sheath epithelium does not contain any detectable amounts of 
cytokeratins  larger  than  mol  wt  58,000  but  is  rich  in  two 
prominent basic cytokeratins, K 58 and K 56b, and three acidic 
ones, K  50, K 48, and K 46. When follicle epithelial cytoker- 
atins are coelectrophoresed with those from basal-cell epithe- 
liomas,  the  two components designated  K  46  in  each tissue 
comigrate and  are clearly  separated  from polypeptide K  48 
present in both hair follicles and foot-sole epidermis (Fig. 4h, 
inset). 
This cytokeratin pattern is characteristic only for the external 
root-sheath  epithelium  of the  lower part  of the  follicle,  i.e. 
below  the  entry  of the  sebaceous  duct,  as it  is enriched  in 
plucked-hair  follicles (for hair-follicle  anatomy see 43).  We 
have also microdisseeted pilosebaceous units into external root- 
sheaths of lower portions of hair follicle, upper portions of hair 
follicle (pilosebaceous ducts), and sebaceous glands, and ana- 
lyzed the cytoskeletal proteins (Fig. 3, slots 7 and 8, and Fig. 
5 a-c).  Epithelial material from hair follicles, which includes 
pilosebaceous  ducts,  shows  the  presence  of the  large  basic 
keratin K 68 typical of interfollicular epidermis, in addition to 
the keratin polypeptides of plucked-hair follicles (Fig.  3, slot 
8).  Pure  microdissected-pilosebaceous  ducts  reveal a  keratin 
pattern  almost  identical  to  that  of interfollicular  epidermis 
(Fig. 5 a), showing the presence of keratin K 68 and the absence 
of keratins K  48 and K 46 (see also reference 3). By contrast, 
dissected lower portions of hair follicles show a pattern iden- 
tical to that of the root sheaths associated with plucked-hair 
follicles (Fig. 5 b). 
Cytoskeletons of  dissected sebaceous glands as obtained after 
extraction with high-salt buffers and detergent display essen- 
tially the same pattern of keratin polypeptides as external root- 
sheaths of hair follicle (Fig. 3, slot 7, and Fig. 5 c). In addition, 
cytoskeletons of sebaceous glands display a special basic poly- 
peptide (K 59 in  Fig.  5  c) besides  some minor spots in  the 
region of acidic keratins K 56.5 and K 56a, and polypeptide K 
48 is found only in trace amounts. 
Cytoskeletal  Proteins  of fccrine Sweat-Glands 
Eecrine sweat-gland epithelium is in direct continuity,  via 
the ductal epithelium, with the epidermis but it is constituted 
by morphologically and functionally grossly different types of 
cells, including "dark" and "fight" secretory cells and myoep- 
ithelial cells (9, 43). We have compared the keratin pattern of 
excised total sweat-glands as well as of separated glandular and 
ductal  portions with  those of the  pilosebaceous tract  and  of 
epidermis (Fig.  3, slots 9 and  11 and  Fig.  5d).  Whereas the 
ductal  epithelium  contains  major  cytokeratin-polypeptides 
similar  to  those  described  for  the  pilosebaceous  tract,  but 
without K 46 (Fig. 3, slot 11), preparations including secretory 
portions of sweat glands are characterized by the presence of 
an additional cytokeratin smaller (tool wt 40,000;  "K 40") and 
more acidic than actin (Fig. 5 d). This small cytokeratin comi- 
FIGURE 4  Two-dimensional  gel  electrophoresis of cytoskeletal  proteins of  human  epidermis,  basal-cell  epithelioma and  hair 
follicle, using nonequilibrium pH gradient (NEPHG) electrophoresis (a, c, e, g) and isoelectric focusing (IEF;  b, d, f, h, and inserts) 
in first dimension  (basic polypeptides are to left;  SOS,  direction of second dimension). Coelectrophoresed marker proteins are: 
PGK (3-phosphoglycerokinase, mol wt 43,000; isoelectric at pH 7.4),  BSA (tool wt 68,000; major variant isoelectric at pH 6.34); A, 
e-actin from rabbit skeletal-muscle (mol wt 42,000; isoelectric at pH 5.4). Major keratin components are denoted by their relative 
molecular weights (in  I0  a units) estimated from electrophoresis according to Laemmli (35). Isoelectric variants are indicated by 
brackets. Arrows denote spots resulting from complexes of K 58, K 56.5, K 50, and K 46 not completely separated on first dimension 
electrophoresis. The arrowheads indicate an acidic cytoskeletal polypeptide of tool wt 50,000 common to several epidermal-derived 
tissues.  (a) Keratins of interfollicular epidermis microdissected from frozen sections of arm skin. (b) Keratins of epidermis (female 
breast) prepared with a cryocut knife. Inset in (b)  Keratins of epidermis from male-breast skin prepared under a binocular using 
fine forceps and scissors  (with this proce  ure some hair follicle containing dermal material adheres to the epidermis). Note two 
additional small polypeptides (K 48 and K 46) present in minor amounts. (c and d)  Keratins of living layers of foot-sole epidermis 
obtained by dissection from frozen sections. In addition to keratins known from other types of epidermis (a and b), components 
K 64, K 56b, and K 48 are present in foot-sole epidermis. Proportions of K 56.5 and K56a can vary in different individuals (e.g., inset 
of d). (e and  f)  Keratins of basal-cell epithelioma, showing keratin K 46, which is not found in pure pregarations of interfollicular 
epidermis (a and  b)  and does not comigrate with  K 48 from  foot-sole epidermis (not shown).  By coelectrophoresis K 58 (not 
shown) and K 50 (inset in  f) of epidermis comigrate with K 58 and K 50 of basal-cell epithelioma. ( g and h) Keratins of outer root- 
sheath of human-hair follicle are similar to those of basal-cell epithelioma (e and  f). Coelectrophoresis of K 50 and K 46 keratins 
of both tissues is shown in the insert in (h). ,8, y, endogenous actins. 
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in small intestine,  colon, and rectum (21, 42; not shown) and 
seems  to  be  similar  to  keratin  "40  K"  observed  in  certain 
cultures  of human  squamous-cell carcinomas  (65)  and  con- 
junctival keratinocytes (26). Glandular portions of  sweat glands 
FIGURE  5  Two-dimensional gel electrophoresis of cytoskeleta[ pro- 
teins of microdissected skin appendages from cryostat sections using 
silver staining.  Separation in  first dimension  has  been by  NEPHG 
electrophoresis (a, b, inset in c) or IEF  (cand d). Reference proteins 
and designations as for Fig. 4. (a and  b)  Different  portions of hair 
follicle. The keratin pattern of superficial portion (a; "pilosebaceous 
duct", above junction with sebaceous gland) corresponds to that of 
interfollicular epidermis (Fig. 4 a). By contrast, deeper portions (b) 
of  hair follicle  (below junction  with  sebaceous gland)  display the 
keratins of outer root-sheaths of hair follicles (Fig. 4 g), including K 
48 and  K  46.  (c)  Cytoskeletal  polypeptides of  sebaceous glands, 
similar to those of hair-follicle outer root-sheath. (cO  Total eccrine 
sweat-glands showing some common keratins (K 50 as well as small 
amounts of K 46, and, as demonstrable after NEPHG  separation, also 
K 59, K 58 and  K 56b)  as well as keratins K 40,  K 52.5, and K 54. A 
minor component of tool wt 45,000  (bracket) most probably corre- 
sponds  to  hepatocyte cytokeratin component  D  (reference 5).  V, 
vimentin of stromal cells; fl, ~., endogenous actins;  A, muscle actin 
added. 
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(Fig. 5 d) also consistently show two polypeptides of reel wts 
54,000 ("K 54") and 52,500  ("K 52.5"),  the smaller of which 
appears to be identical with the human cytokeratin-component 
A as described in human liver and hepatocellular carcinomas 
(5), in colorectal epithelia and a related doacogenic carcinoma 
(42)  and,  as  a  minor component,  in  basal-ceU  epitheliomas 
(Fig. 4f of this study). 
Cytokeratins of Microdissected Basal Strata from 
Interfollicular Epidermis 
The finding of  small and acidic cytokeratins in pilosebaceous 
epithelium (K 46) and sweat glands (K 40) but not in interfol- 
licular epidermis has prompted us to examine the possibility 
that only a small proportion of epidermal cells, e.g. basal cells, 
may contain these polypeptides. Therefore, we have microdis- 
sected basal-cell-enriched  epidermal  tissue and compared its 
cytoskeletal  polypeptides  with  those  of total  interfollicular 
epidermis and of basal-ceU epithelioma. As is shown in Fig. 3 
(slots  5 and 6), no polypeptides migrating faster than keratin 
K  50  are  found  in  such  epidermal-cell  layers;  specifically, 
components K  46 and K  40 are absent. When high loads of 
cytoskeletal material from interfollicular epidermis are applied 
to gel electrophoresis no components similar to K 48 and K 46 
are  seen  in  Coomassie  Blue  staining  (e.g.,  Fig.  4a).  Trace 
amounts of polypeptides similar to K  48 and K  46 are only 
detected aRer silver-staining, and amounts of K 46 appear to 
be <1% of K 50 (not shown; for sensitivity of silver staining see 
also 58). Thus, in interfollicular epidermis keratins K  46 and 
K  48  are  unlikely  to make  a  significant contribution  to the 
structure of the tonofilaments of the basal cell layer as a whole. 
Rather,  the minute  amounts of K  48 and K  46 observed in 
such preparations may reflect contaminations by pilosebaceous 
material or the occurrence of a very small proportion of special 
epidermal cells containing these two small cytokeratins. 
Comparison of Keratin Polypeptides in Two- 
dimensional Tryptic Peptide Maps 
The  molecular  relationship  of the  individual  keratinlike 
polypeptides has also been examined by peptide mapping of 
polypeptide spots excised after two-dimensional gel electropho- 
resis.  The neutral-to-basic  cytokeratin polypeptides K  68,  K 
58,  and  K  56b  as  well  as  those  of various  other  stratified 
squamous epithelia (cf. reference  13) show conspicuous simi- 
larities  in such tryptic-peptide maps  (not shown), indicating 
that they represent a defined subfamily of keratin polypeptides 
(for related data see 22). In the present study we have made a 
detailed comparison of the various small acidic cytokeratins K 
46, K 48, and K 50. For each of  these polypeptides the different 
isoelectric  variants  are  practically  identical  in  their  peptide 
maps  (not shown),  in  agreement  with  the  notion that  these 
variants represent different degrees of phosphorylation of the 
same  polypeptide.  This  is  also  indicated  by  studies  of ~2p_ 
phosphate  incorporation  into  keratins  of epidermis  (28,  53) 
including K 46, K 48, and K  50 ofhaix follicles  and basal-cell 
epitheliomas (not shown; for related data in mouse liver and 
several cultured cells see 13, 53, 55). Comparison of  the peptide 
maps of  polypeptide K 50 from different sources has confirmed 
that this keratin is identical in hair-follicle epithelium,  inter- 
follicular  epidermis  and  basal-cell  epithelioma  (not  shown). 
Since we have previously observed that human keratin K  50 
coelectrophoreses, on two-dimensional gel electrophoresis, and 
imrnunologically cross-reacts with prekeratin VII from bovine- 
muzzle epidermis (13) we have also compared these two pro- teins (Fig. 6 a and b) and similar tryptic-cleavage patterns have 
been obtained although some differences in the two species are 
also apparent. 
Human cytokeratin K 48 is also identical in hair follicles and 
in foot-sole epidermis  (not shown).  When one compares the 
tryptic map of radioiodinated K 48 with that of K 50 (Fig. 6 a 
and c) it is obvious that these two polypeptides are related but 
not identical. Detailed comparison reveals a number of differ- 
ent peptides, indicating that K 48 is not derived from K 50 by 
FIGURE  6  Autoradiographs of tryptic-peptide maps of keratin poly- 
peptides separated by two-dimensional gel electrophoresis, excised 
and radio-iodinated.  E, direction of electrophoresis;  C, chromatog- 
raphy.  Maps  of  the  most  basic  isoelectric  variant  spot  of  each 
polypeptide are shown. (a) K 50 from human interfollicular epider- 
mis;  (b) prekeratin VII from bovine-muzzle epidermis; (c) K48 from 
human-hair follicle (outer root-sheath); (d)  K 46 from  human-hair 
follicle;  (e)  K 46 from  basal-cell epithelioma; (f)  HeLa cytokeratin 
component 3. Arrows in (a) and (b) denote similar tryptic-cleavage 
products of human K 50 and bovine VII, which comigrate in mixtures 
of peptides from  both polypeptides. Bars in  (a)  and  (e)  designate 
peptide spots facilitating distinction of  K 50 and  K 46, which  have 
a large number of spots in common.  Bars and  brackets in  (c)  and 
(d)  denote  peptide  spots  unique  to  either  K  48  or  K  46.  Note 
identity, in all detectable spots, of K 46 from hair follicle, basal-cell 
epithelioma  and  HeLa  cells.  All  details  were  also  confirmed  by 
mapping of mixtures of peptides from  different  polypeptides (not 
shown). 
proteolytic processing. 
The tryptic-peptide map of keratin K 46 from hair follicle is 
identical  to  that  of the  main  acidic  cytokeratin  K  46  from 
basal-cell epithelioma (Fig. 6 d and e). As K 46 from basal-cell 
epithelioma comigrates, on two-dimensional gel electrophore- 
sis,  with  cytokeratin component 3  from HeLa  cells  (13)  we 
have also compared these two polypeptides by tryptic-peptide 
mapping. The results (Fig. 6 e  and f) indicate that K  46 is a 
common cytokeratin  of hair  follicles,  basal-cell  epithelioma 
cells and HeLa cells, i.e., cells derived from an adenocarcinoma 
of the cervix  uteri.  All other HeLa cytokeratins are different, 
by two-dimensional gel electrophoresis and in peptide maps, 
from any of the keratins of epidermis and pilosebaceous tract 
(not shown; cf. reference  13). Peptide maps of keratins K  46 
and K 48 from hair follicle are rather similar but also show a 
number of different peptide spots (Fig. 6 c, d). An even greater 
similarity is observed for tryptic-peptide maps of keratins K 46 
and K 50 (Fig. 6 a and d), but detailed examination also reveals 
some peptide spots unique to each of the two polypeptides. 
Occurrence  of Cytokeratin  K  46 in  Other 
Human  Tumors 
A  cytokeratin polypeptide comigrating with  K  46  of hair 
follicles  and  basal-cell  epitheliomas  has  also  been  found  in 
some other human epithelial-tumors such as adamantinomas, 
i.e. tumors derived from cells  related to, or derived from, the 
epithelial portion of tooth germs in the "enamel organ" (for 
review  see  62;  for  keratinlike  proteins  in  tooth  germs  see 
reference 38). An example of this tumor, displaying a typical 
form  of growth  in  clumps  or  columnar  aggregates  of cells 
resembling basal-cell epithelioma, is shown in Fig. 7 a  and b. 
Cytoskeletons  from  this  tumor  (Fig.  7c  and  d)  reveal  the 
presence of cytokeratin K 46, together with two basic keratins 
and K  50 and K  48.  Furthermore, this tumor produces cyto- 
keratin polypeptides K  52.5 and K  40 which have both been 
described for the eccrine sweat glands (this study) and other 
epithelia  (5,  11,  13, 21).  Tryptic peptides from K  46 of ada- 
mantinoma are identical to those of K 46 from hair follicle and 
basal-cell epithelioma (not shown). 
DISCUSSION 
The epithelial tissue covering the body is a continuous closed 
system but it is not uniform and homogeneous as far as cell 
types and functions are concerned. Rather, the epithelial moi- 
ety  of the  skin  represents  a  mosaic  of different  functional 
domains formed by different types of epithelial cells  that are 
all derived from cells of the embryonal epidermis (for reviews 
see references 9, 43). The following types of cutaneous epithe- 
lial-complexes can be distinguished: (a) Interfollicular epider- 
mis sensu stricto; (b) epithelia of the pilosebaceous unit, i.e. the 
hair proper, outer root sheath, sebaceous gland, sebaceous-duct 
epithelium,  and the common pilosebaceous duct; (c) epithelia 
of alveoli and ducts of eccrine sweat-glands; (d) epithelia of 
apocrine glands and their ducts; (e) epithelia lining the ducts 
and alveoli of mammary gland. 
In the  present  study we demonstrate  that the epithelia  of 
cutaneous appendages, albeit derived from basal-cell layers of 
embryonal epidermis,  differ in their  patterns  of cytoskeletal 
proteins from each other as well as from epidermis, including 
cells of the basal layer. For example, the eccrine sweat-glands 
do not contain large neutral-to-basic cytokeratins (K 64-K 68) 
as they are typical of epidermal  differentiation.  They do ex- 
press,  however, polypeptides K 40 and K  52.5, which are also 
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5, 11, 13, 17, 21, 42; for K 40 see also reference 65). As K 40 is 
detected in microdissected glandular portions but not in ducts, 
we conclude that it is specifically expressed in the  secretory 
ceils. 
Particularly interesting is the finding that both outer root- 
sheath cells  of hair follicles and sebaceous-gland epithelium 
differ in their keratin proteins from interfoUicular epidermis in 
that they do not contain neutral-to-basic keratin polypeptides 
larger than reel wt 59,000,  but express large proportions of a 
specific  acidic  cytokeratin  of mol  wt  46,000  (K  46).  This 
polypeptide K 46 is related to K 50 expressed in all cutaneously 
FIGURE 7  Human adamantinoma. (a and  b) Immunofluorescence 
microscopy on frozen sections, showing similar growth patterns of 
a  stroma-rich  basal-cell epithelioma (a)  and  adamantinoma (b), 
stained  by  antibodies  to  cytokeratins.  Tumor  cells  are  strongly 
stained, stromal tissue is  negative. Bars, 100 #m.  (c and  d)  Two- 
dimensional gel electrophoresis of cytoskeletal proteins of adaman- 
tinoma, using  NEPHG electrophoresis (c)  and  IEF (d)  in the first 
dimension. The two components designated K 58 and K 56b coral- 
grate, in coelectrophoresis experiments, with polypeptides K 59 and 
K 58 of sebaceous glands (see Fig. 5 c). 
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derived epithelia, including mammary gland (not shown), and 
to K  48 which is also produced in foot-sole epidermis devoid 
of pilosebaceous units.  Polypcptide K  46 is also expressed in 
certain tumor cells such as in basal-cell epitheliomas, adaman- 
tinomas,  various squamons-cell carcinomas (unpublished  re- 
suits),  and in cultured HeLa cells.  Whether it is identical or 
related to the keratin polypeptide designated "46 K" in cultures 
of keratinocytes (26, 65) remains to be examined. The specific 
expression  of such  a  relatively  small,  acidic  cytokeratin  of 
approximate reel wt 46,000 in hair-follicle epithelium but not 
in interfollicular epidermis is also seen in other species such as 
cow (these authors, unpublished data). We propose that syn- 
thesis of K  46 defines a certain cell type which is frequent in 
pilosebaceous epithelium but can also occur elsewhere in the 
body and can be maintained  in certain tumors. Our finding 
that polypeptide K 46 is expressed in human basal-cell epithe- 
liomas but not in several carcinomas (5,  13) indicates that the 
occurrence of this protein in tumors is not due to the formation 
of an abnormal keratin during tumorigenesis (63) but rather is 
the result oftbe selection of  a cell type related to the epithelium 
of the pilosebaceous tract. A relationship of basal-cell epithe- 
liomas to pilosebaceous cells is in harmony with current views 
of the nature and possible origin of this type of tumor (31, 39). 
Our data do not allow us to decide whether these tumors are 
derived from cells already committed to piiosebaceous differ- 
entiation or whether they are produced from a small subpop- 
ulation of basal-epidermal cells developing some features  of 
differentiation remini.~ent to those of the pilosebaceous tract 
(the latter mode of origin of tumor is  suggested by findings 
summarized in references 29, 39, 66). Unexpected is the finding 
of polypeptide K 46 in HeLa cells, a cell line derived from an 
"adenocarcinoma" of the cervix uteri (33), i.e. a tissue that can 
produce sebaceous metaplasias (43). Further systematic studies 
of the cytokeratin patterns  of different epithelial  tissues  and 
ceils will have to show the restriction and cell type-specificity 
of this protein. 
Our finding of different cytokeratin patterns in the different 
cutaneous epithelia  suggests  that in embryonic development 
epidermal cells laterally differentiate into cells forming glands 
and hair follicles and that during these differentiation processes 
changes of  expression of  cytoskeletal proteins take place. These 
observations of differences of expression of cytokeratins in the 
various epidermal derivatives also add to the increasing num- 
ber  of cases  of cell  type-specific  expression  of keratinlike 
proteins in epidermis as well as in various nonepidermal organs 
(6, 11, 13, 17, 21-26, 41, 64, 65). The functional importance of 
these differences in the cytokeratin patterns is not clear. The 
expression of different but related polypeptides included in the 
same structure in the various epithelia may reflect the expres- 
sion  of higher-order  sets  of differentiation  programs  rather 
than the synthesis of specific proteins serving distinct cell type- 
specific functions. 
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REFERENCES 
I.  Baden,  H.  P,,  and  L. D.  Lee. 1978. Fibrous  proteins  of human  epidermis.  J.  Invest. 
Dermatul, 71:148-151. 
2.  Banks-Schlegel, S. P., R. Schlegel, and G. S. Pinkus. 1981. Keratin protein domains within 
the human epidermis. Exp. Cell Res. 136:465-469. 
3.  Bowden,  P.  E.,  and  W.  J.  Cunliffe.  198I. Modification  of human  prekeratin  during 
epidermal differentiation. Biochem. J. 199:145-154. 
4.  Bruder, G., H. W. Held, E.-D. Jarasch, T. W. Keenan, and I. H. Mather.  1982. Charac- 
teristics  of membrane-bound  and  soluble  forms  of xanthine  oxidase  from  milk and 
endothelial calls of capillaries. Biochim.  Biophys.  Acta, 701:357-369. 
5.  Denk, H., R, Krepler, E. Lackinger, U. Artlieb, and W. W. Franke.  1982. Biochemical 
and immunocytochemical analysis of the intermediate  fdament  cytoskeletnn in human 
hepatocelluiar  carcinomas  and  in  hepatic  neoplastic  nodules  of mice.  Lab.  Invest. 
46:584-596. 
6.  Doran, T. 1., A. Vidrich, and T.-T. Sun.  1980. IntKusic and extrinsic regulation of the 
differentiation of skin, corneal and esophageal epithelial cells. Cell. 22:17-25. 
7.  Drochnmus, P., C. Freudenstein, J.-C. Wanson, L. Lanrent, T. W. Keanan, J. Stadier, R. 
Leloup, and W. W. Franke.  1978. Structure and biochemical composition of desmosomes 
and tonofiiaments isolased from calf muzzla epidermis. J. Cell Biol.  79:427-443. 
8.  Eider, J. H., R. A. Pickett II, J. Hampton,  and R. A. Lemer.  1977. Radioiodination  of 
proteins in single polyacrylamide gel slices. J. Biol.  Chem. 252:6510-6515. 
9.  Ellis, R. A. 1967. Ec~erine, sebaceous and apoerine glands. In Uarastructure  of normal and 
abnormal skin. A. S. Zeliekson, editor. Lea and Fehiger, Philadelphia. 132-162. 
10.  Franke, W. W., B. Appelhans, E. Schmid, C. Freudenstein, M. Osborn, and K. Weber. 
1979. Identification  and  characterization  of epithelial  ceils in rnammallun  tissues by 
immunofluorescence microscopy using amibodies to prekertuin. Differentiation.  15:7-25. 
1  I.  Franke, W. W., H. Denk, R. Knit, and E. Schmid. 1981. Biochemical and immunological 
identification of cytukeratin proteins present in hepatocytes of mammalian  liver tissue. 
Exp. Cell Res.  131:299-318. 
12.  Franke, W. W., D. Mayer, E. Schmid, H. Denk, and E. Borenfreund. 1981. Differences of 
expression of cytoskeletal proteins in cultured rat hepatocytes and hepatoma cells. Exp. 
Cell Res. 134:345-365. 
13.  Franke, W. W., D. L. Schiller, R. Mo11, S. Winter, E. Schmid, I. Engelbreclit, H. Denk, R. 
Krepler, and B. Piatzer. 1981. Diversity of cytokeratins: differentiation specific expression 
of eytokeratin polypeptides in epithelia],  cells and tissues. J. Mol. Biol.  153:933-959. 
14.  Franke, W. W., E. Schmid, D. Breitkreutz, M. Liider, P. Boukamp, N. E. Fusenig, M. 
Osborn, and K. Weber.  1979. Simultaneous expression of two different types of interme- 
diate-sized t'daments in mouse keratinocytes proliferating in vitro. Differentiation.  14:35-50. 
15.  Franke, W. W., E. Schmid, C. Freudenstein, B. Appelhans, M. Osbora, K. Weber, and T. 
W. Keenan.  1980. Intermediate-sized fdaments of the prekeratin  type in myoepithelial 
cells. J. Cell Biol.  84:633-654. 
16.  Franke, W. W., E. Schmid, M. Osbom, and K. Weber. 1978. Different intermediate-sized 
f'daments distinguished by immnnofluorescence microscopy. Proc. Natl. Acad.  Sci.  U. S. 
A. 75:5034-5038. 
17.  Franke, W. W., E. Schmid, D. L. Schiller, S. Winter, E.-D. Jarasch, R. Moll, H. Denk, B. 
Jackson, and K. lllmensea. 1982. Differemiation-related patterns of expression of proteins 
of intermediate-sized fdaments in tissues and cultured cells. Cold Spring Harbor Syrup. 
Quant.  Biol.  46:431~.53. 
18.  Franke,  W.  W.,  E.  Schmid,  K.  Weber,  and  M.  Osbora.  1979. HeLa  cells  comain 
intermediate-sized fdaments of the prekeratin type. Exp. Cell Res. 118:95-109. 
19.  Franke,  W.  W., E.  Schmid, S. Winter,  M.  Osbom,  and K.  Weber. 1979. Widespread 
occurrence of intermediate-sized filaments of the vimemin-type  in cultured  cells from 
diverse vertebrates. Exp. Cell Res.  123:25~6. 
20.  Franke, W. W., K. Weber, M. Osbora, E. Schmid, and C. Freodenstein.  1978. Antibody 
to prekeratin. Decoration of  tonofdament -like arrays in various ceils of  epithelial character. 
Exp. Cell Res. 116:429~145. 
21.  Franke, W. W., S. Winter, C. Grund, E. Schmid, D. L. Schiller, and E.-D. Jarasch.  1981. 
Isolation and characterization of desmosome~associated tonofdaments from rat intestinal 
hrush border. J. Cell Biol.  90:116-127. 
22.  Fucks, E. V., S. M. Coppock, H. Green, and D. W. Cleveland. 1981. Two distinct classes 
of keratin genes and their evolutionary significance. Cell.  27:75-84. 
23.  Fuchs, E., and H. Green.  1978. The expression of keratin genes in epidermis and cultured 
epidermal cells. Cell. 15:887-897. 
24.  Fuchs, E., and H. Green.  1979. MuRiple keratins of cullured human epidermal cells are 
transIated from different mRNA molecules. Cell. 17:573-582. 
25.  Fucks,  E.,  and H.  Green.  1980. Changes  in keratin  gene expression during  terminal 
differentiation of the keratinocy~e. Cell.  19:1033-1042. 
2@  Fucks, E., and H. Green.  198 I. Regulation of terminal differentiation of cultured human 
keratinocytes by vitamin A. Cell, 25:617-625. 
27.  Gabbiani,  G., Y.  Kapanci,  P.  Barazzone, and W. W.  Franke.  1981. lmmunochemical 
identification of intermediate-slzed fdaments in human neoplastic ceils. A diagnostic aid 
for the surgical pathologist. Am. J. Pathol.  t04:206-216. 
28.  Gilmartin,  M.  E.,  V.  B.  Culbertson,  and  L  M.  Freedberg.  1980. Phosphorylation  of 
epidermal keratins. J. Invest.  Dermatol. 75:211-216. 
29.  Golitz, D. E., D  A. Norris, C. A. Luekeus, Jr., and D. M. Charles. 1980. Nevoid basal cell 
carcinoma syndrome: multiple ba.sal ceil carcinomas of the palms after radiation therapy. 
Arch. Dermatol.  116:  1159-1163. 
30.  Green, H. 1980. The keratinocyte as differentiated ceil type. Harvey Lea. 74:101-138. 
31.  Hoinhar, K. 1975. Dos Basaliom. In Handbueh  der Hunt- trod Geschleehts krankheiten, 
Erggnznngswerk. A. MarchluninL editor.  Springer, Berlin, Heidelberg, New York. VoL 
III/3A: 235-390. 
32.  Jackson, B. W., C. Grand, E. Schmid, K. Biirki, W. W. Franke, and K. lllmensee. 1980. 
Formation of  cytoskeietal elements during  mouse embryogenesis. I. Intermediate filaments 
of the ¢ytokeratin type  and desmosomes in preimplantation  embryos.  Differentiation. 
17:161-179. 
33,  Jones, H. W, Jr., V, A. McKnsick, P. S, Harper, and K.-D, Wuu. 1971. George Otto Gey 
(1899-1970): the HeLa cell and a reappraisal of its origin. Obstet.  Gynecol.  38:945-949. 
34.  Kuhilus,  J.,  H.  P.  Baden, and N.  McGilvray.  1980. Filamentous  protein  of basal cell 
epithelioma: characteristics ia vivo and in vitro. J, Natl. Cancer Inst.  65:869-875. 
35.  LaemmlL U. K.  1970. Cleavage of structural proteins during the assembly of the head of 
bacteriophage T4. Nature (Loud.). 227:680-685. 
36.  Lee, L. D., and Baden, H. P. 1976. Organisation of the polypeptide chains in mammalian 
keratin. Nature (Loud.). 264:377-379. 
37.  Lea, L. D., J. Kuhflus, and H. P. Baden.  1979. Intraspecaes heterogeneity of epidermal 
keratins isolated from bovine hoof and snout. Biochem. J. 177:187-196. 
38.  Lesot, H., J. M. Meyer, J. V. Ruch, K. Weber, and M. Osborn. 1982. lmmunofinorescent 
localization of vimentin, prekeratin and actin during edontoblast and ameloblast differ- 
entiation. Differentiation.  21:133-137. 
39.  Lever, W. F., and G. Schanmburg-Lever. 1975. Histupathology of  the skin. J. B. Lippincott, 
Philadelphia, Toromo. 5th edition. 537-551. 
40.  Lonsdale-Eccles, J. D., A. M  Lynley, and B. A. Dale. 1981. Cyanogen bromide cleavage 
of proteins in sodium dodecyl sulphate/polyacrylamide  gels. Diagonal peptide mapping 
of proteins from epidermis. Biochent  J. 197:591-597. 
41.  Milstone, L. M., and L  McGUlre. 1981. Different  poiypeptides form the  intermediate 
Ftlaments in bovine hoof and esophageal epithelium and in aortic endothelium. J.  Cell 
Biol.  88:312-316. 
42.  Moll, R., D. B. v. Bassewitz, U. Schulz, and W. W. Franke.  1982. An unusual  type of 
cytokeratin fdaments in cells of  a human cloacogenic carcinoma derived from the anorectal 
transition zone. Differentintion,  22:25~10. 
43.  Montagna, W, and P. F. ParakkaL 1974. The structure and function of skin. Academic 
Press, New York and London. 1--433. 
44.  O'FarrelL P. H. 1975. High resolution two-dimensional electrophoresis of proteins. J. Biol. 
Chem. 250:4007-4021. 
45.  O'FarrelL  P.  Z.,  H.  M.  Goodman,  and  P.  H.  O'Farrell.  1977. High resolution  two- 
dimensional electruphorcsis of basic as well as acidic proteins. Cell.  12:I  133-1142. 
46.  Refiner, W., W. W. Franke, E. Schmid, N. Geisler, K. Weber, and E. Mandelkow. 1981. 
Recnnstitution of intermediate-sized fdaments from denatured  monomeric vimeatin.  J. 
Mol. Biol.  149:285-306. 
47.  Scaletta, L. I., and  D. K. MacCallum.  1972. A fine structural  study of divalent cation- 
mediated epithelial union  with connective tissue in human  oral mucosa. Am.  J. Anat. 
133:43  I~$54. 
48. Schlegel,  R.,  $. Banks-Schlegel, J.  A. McLeed, and G. S. Pinkus. 1980.  Immunoperoxidase 
localization of keratin in human  neoplasms.  A  preliminary  survey. Am.  J. Pathol. 
101:41-50. 
49. Skerrow,  D, 1977. The isolation and preliminary characterisation of haman prekeratin. 
Biochim. Biophys.  Acta. 494:447-451. 
50. Steiner~,  P. M., and W. W. Idler.  1975.  The polypeptide composition  of  bovine epidermal 
a-keratin. Biochem. J. 15I:603-614. 
51.  Steinen,  P.  M., W. W.  Idler, and  M. U  Wantz.  1980. Characterization  of the keratin 
fdament subunits unique to bovine snout epidermis. Biochem. J.  187:913-916. 
52.  Steinert,  P.  M.,  W.  W.  Idler,  and  S.  B.  Zimmemma.  1976. Serf-assembly of bovine 
epidermal keratin filaments in vitro. J. Mol. Biol.  108:547 567. 
53.  Steinert,  P.  M.,  M.  L.  Want,x, and  W.  W.  Idler.  1982. O-phosphoserine  content  of 
intermediate filament subunits. Biochemistry.  21:177-183. 
54.  Steiner~, P. M., and S. H. Yuspa. 1978. Biochemical evidence for keratimzation by mouse 
epidermal ceils in culture. Science (Wash. D. C.). 20@1491-1493. 
55.  Sun, T.-T., and  H.  Green.  1978. Keratin  filaments of cultured  human  epidermal  cens. 
Formation  of intermolecular  disulfide  bonds  during  terminal  differentiation.  J.  Biol. 
Chem. 253:2053-2060. 
56. Sun, T,-T.,  and H. Green. 1978. Immunofluorescent  staining  of  keratin fibers  in cultured 
cells.  Cell.  14:469~,76. 
57.  Sun,  T.-T.,  C.  Skih,  and  H.  Green.  i979. Keratin  cytoskelctons in epithelial  cells of 
internal organs. Proc.  Natl. Acad. Sci.  U. S. A. 76:2813-2817. 
58.  Switzer, R.  C., C.  R.  Merril,  and  S.  Shifrin.  1979. A highly sensitive silver stain  for 
detecting proteins and paptides in polyac~lamide  gels. Anal. Biochem. 98:231-237. 
59.  Tezuka, T., and I. M. Freedberg.  1972. Epidermal structural  proteins. 1I. Isolation and 
purification of tonofdaments of the newbom rat. Bioehim.  Biophys.  Acta. 263:382-396. 
60.  Thomas, J. O., and R. D. Komberg.  1975. An octamar of hlstoues in chromatin and free 
in solution. Proc. Natl. Acad. ScL  U. S. A. 72:2626-2630. 
61.  Towbin, H., T. Slaehelin, and J. Gordon.  1979. Electrophoretic transfer of proteins from 
polyacrylamide gels to nitrocellulose sheets. Procedure and some applications. Proc. Natl. 
Acaa~ Sci.  U. S. A. 7@4350-4354. 
62.  Willis, R. A. 1967. Pathology of tumours. Butterworth & Co., Ltd. London. 308-318. 
63.  Winter, H., L Schweizer, and K. Goertfler.  1980. Keratins  as markers of malignancy in 
mouse epidermal tumors. Carcinogenesis. 1:391-398. 
64.  Winter, S., E.-D. Jarasch, E. Schmid, W. W. Franke, and H. Denk.  1980. Differences in 
polypeptide composition of cytokeratin filaments, including tunofdameuts, from different 
epithelial tissues and cells. Fur. J. Cell Biol.  22:371 (Abstr.). 
65.  Wu, Y.-J., and J.G. Rheinwald. 1981. A new small (40 kd) keratin filament protein made 
by some cultured human squamoas cell carcinomas. Cell. 25:627-635. 
66.  Zackhaim, H. S.  1963. Origin of the human basal cell epitheiioma. J.  Invest.  DermatoL 
40:283-297. 
MOLL  ET  AL.  Keratins of Skin Epithelia  and Tumors  295 